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Abstract

Assessment of natural radiation exposure, by Inspection radioactivity
level from radionuclides in the soil, is very important to be their
quantity under control. Depending on geological locations, uranium
varies widely in soil (from 0.1 to 20 ppm). Sixteen samples of soil
collected from different locations in the north of Nineveh province-
Irag and the level of uranium measured using a CR-39 nuclear track
detector. Uranium concentrations vary (from 0.393 to 0.867) ppm and
mean value is 0.592 ppm. Uranium specific activity from 4.866 to
10.716 Bqg kg—1 the mean value 7.317 Bqg kg—1. Results compared
with average values worldwide in general, values found lower than of
permissible limit worldwide uranium concentration value of 11.7 ppm,
and uranium specific activity value of 35 Bg/Kg.

Keywords: CR-39 detector, uranium concentration, uranium activity,
soil, Nineveh province.
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Introduction

Soil natural radioactivity is considered as a basic indicator
for radiological contamination since it is a major source for
natural radioactivity because of the mineral content, and it is the
source for the radiation-hazard for the population and a source
for transfer of radionuclides into the environment[1]. The main
determinations of the natural background radiation are the soil
radionuclide concentration[2]. From one type of soil to another,
the natural radioactivity may vary considerably. Radionuclides
are found in the soil and environment, as NORMSs elements
naturally occurring, which is terrestrial background radiation the
emitted  nuclear-radiations  from  naturally  occurring
radionuclides materials, and as nuclear technologies product,
uranium one of these radionuclides[3]. Uranium like many other
minerals is an element naturally occurring has always present,
since the earth's formation. Since all uranium isotopes are
radioactive, therefore there quantity is must be under control[4].
It decays by emitting alpha particles, becoming a non-radioactive
lead. New radionuclide along the chain of decay is called a
progeny (or decay product), each one contributes more than
uranium itself about seven times to the total soil radioactivity.
Uranium is the radium and radon proximate source in the rocks
and soil. One of the background radiation largest contributors is
radon a progeny of uranium[5]. High uranium intake and
products of its decay lead to human being’s harmful effects.
Kidneys chemical damage transient result by exposure to a
bodyweight of 0.1 mg.Kg?! natural uranium soluble[6].
Depending on geological locations, uranium in the soil varies
widely (from 0.1 to 20 ppm), the average value of the world is
2.8 mg. Kg* (specific activity 35 Bg/Kg)[7], and the allowed
limit 11.7 ppm[8][9].

CR-39 (The plastic SSNTD) detector used to find the
uranium specific activity in the soil and concentration of
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uranium. Because of CR-39 high sensitivity to low energy alpha
particles. These tracks are observed by microscope after
enlargement by etching process[10].

The research aimed to determine specific uranium activity and
concentrations of uranium in sixteen samples of soil from the
north of Nineveh province-lraq. The measurement of uranium
concentration is necessary to investigate the concentration in
causing cancer and various diseases.

MATERIALS AND METHODS

Sixteen soil samples from different locations were collected
in the north of Nineveh province-lrag. Samples were taken from
a 35 cm depth. The samples sieved with a mesh of 0.2 mm, then
dried at 100 C° in the oven for 24 hours. Samples were then
filled in a container (uranium dosimeter), which were with
plastic tape sealed to prevent the airborne radionuclides escape.
Uranium dosimeter with nuclear used, the measurements made
solid-state track detector techniques. Figure 1.

CR-39
7cm
Radon Gas
3[m Soil Sample
I- 7 cm
Figure (1)

Uranium dosimeter technique of the sealed-can
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Each container cup height is 10 cm and a diameter of 7 cm
contains (1 x 1) cm? of CR-39 detector. With adhesive tape
double-sided fixed to the bottom of the cup cover. Alpha
particles leave tracks when reaching the detector. The track’s
number is proportional to the radon average concentration. Each
sample of 170 gm placed inside a cylindrical container of plastic
(uranium dosimeter) facing to CR-39 detector. The distance
between detectors to the sample surfaces is 7 cm and the height
of the sample is 3 cm. Closed for 60 days (2 Dec 2020 - 1 Feb
2021). After 60 days, detectors removed then by NaOH etched at
6.25 N normality in water bath heat 70 C° to the tracks reveal.
Detectors washed, with a microscope track counted at 400x
magnification.

Track densities are measured by the following relation [11].

Tatal number of tracks

Area of the field of view

Track density p =

1)

In sample air space radon concentration Cx,,(Bg/mq) related
to exposure time T(in a day) the track density p(in track/cm?) by
the equation [12].

p = KCpnT )

Where K (track/m ?) is the sensitivity defined by track
density per exposure unit (Bg.s/m%). K is given in units of
track/cm? per Bg.d/m3 (divided by 8.64 for convert to m), where
T in units of [day] is the exposure time.[13]

K calculated from formula.[14]

K= ir (Ecasﬁ'c — HL) €))

P

Where &, is the CR-39 detector critical angle equals 35°, R;
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is the alpha particle range in air 4.09 cm (for an emitted alpha
particle with energy 5.49 MeV from radon), r is the sealed can
radius (3.5 cm)[15]. Calculated by the equation.

R; = 0.318 E;*/2 (4)

K then equal (0.684 cm) by multiplying with 0.0864 its
value become (0.0591 Traks.cm.day'/Bg.m=)[16].

Radon concentration Rn in the sample is calculated by the
equation [17].

Es = HRn Eﬁn H T.{L (5)

Where Radon concentration €, (Bg/m?®) in the sample, Cg,,
Radon concentration in the sample air space ( Bq / m®), Az,
(0.1814 day™) decay constant of radon, H (7cm) the air space
height in the can, T (60 days) the exposure time, L (3cm) the
sample thickness.

The radon activity (Arn) in the sample was determined
from relation.

Aﬁn = Es vV (6)

Where Ap, is radon activity in the sample, the sample
volume is (V = mr?L) = 115.4 X 10 m3, r is the can radius[18].

Uranium concentration is determined from the radon
activity by the number of radon atoms Ny, by the relation[19].

AHn = HHn NHn (7)
Using the secular equilibrium equation (the uranium

activity equal to radon activity) the number of uranium atoms Ny,
in the sample can be determined.
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Ay Ny = Apn Npp (8)

Where 4, (4.883 X 108 sec?) is uranium decay constant,
and then the uranium weight in the sample is calculated by the
equation[20].

Wy = Ny Aty J{Nﬂvﬂ. (9)

Where At,; is the mass number of uranium 238U, N_,,, (6.02
X 1023 atom / mol) is the Avogadro number?
Uranium concentration is calculated from equation[21].

Cy = Wy /W, (10)

Where Cj; (ppm) is the uranium concentration, W, (170 gm)
Is the sample mass.

The uranium activity concentration in units (Bg.Kg?)
calculated using the equation. [22].

AEU = HUNQL’G.[AI:U]_J- CU (11)

Where C;; must be in units of (g/Kg) (since 1ppm=10-°g/g
= 103g/Kg).

RESULTS AND DISCUSSION

Results of the uranium concentrations found to vary
between (0.393-0.867) ppm with the mean value of 0.592 ppm,
Uranium specific activity ranged from 4.866 to 10.716 Bq kg™!
with a mean value of 7.317 Bg kg™'. The calculated values for
radon concentration in soil samples are in the range (5840.3-
14608.5) Bg/m® with a mean value of 9104.52 Bg/m?din the
investigated sixteen samples presented in Table 1, and shown as
barcodes in figures 2. the minimum value observed for Uranium
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specific activity was in sample S16 (4.866 Bg kg?) and the
maximum value was for the sample S6 (10.716 Bqg kg™!), with
the average value of 7.317 Bq kg™! all measured values are less
than world average value of uranium specific activity 35 Bg/Kg.
For uranium concentrations, the minimum was 0.393 ppm
(Sample S16) and the maximum was 0.867 ppm (Sample S6)
with an average of 0.592 ppm less than the worldwide value of
11.7 ppm.

The results displayed in Table 2 shows that the obtained
values fall within the corresponding some values published for
other locations in Irag. Where it is within the other
measurements in AL-Hamdaniya-Mosul and Jalawla'a city-
Diyala regions, greater four times than Al-Najaf region, too
much less than Sulaimani region. The concentrations reported on
dry soil samples, the origin of soil types, and geochemical
composition attribute to rising the recorded radionuclides values
in the soil sample of the particular area, and may be due to the
radioactive rich sandstone presence. Hence It concluded that
there are no harmful effects of radiation posed to the population
in the study area, safe as for as radiological risks and health
hazards due to concentration of uranium in the soil.
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Table (1)
Results of the track density, radon concentration in soil,
uranium weight in the sample, uranium concentration, and
uranium specific activity in soil samples

S. p Track Cs Wy X10® | Cu | Acy

/ cm? Bg/m? gm ppm | Bg/Kg

S1 1700 | 12195.81 | 113.946 | 0.670 | 8.280
S2 1140 | 8178.37 | 76.411 | 0.449 | 5553
S3 1800 | 12913.22 | 120.649 | 0.709 | 8.767
S4 1680 | 12052.33 | 112.605 | 0.662 | 8.183
S5 1240 | 8895.77 | 83.113 | 0.489 | 6.040
S6 2200 | 15782.82 | 147.460 | 0.867 | 10.716
S7 1820 | 13056.70 | 121.989 | 0.717 | 8.865
S8 1999 | 14340.84 | 133.987 | 0.788 | 9.737
S9 1300 | 9326.214 | 87.135 | 0.512| 6.332
S10 1440 | 1033057 | 96.519 | 0.567 | 7.014
s11 1360 | 9756.655 | 91.157 | 0.536 | 6.624
S12 1400 | 10043.61 | 93.838 | 0.552 | 6.819
S13 1200 | 8608.813 | 80.432 | 0.473| 5.845
S14 1340 | 9613.175 | 89.816 | 0.528 | 6.527
S15 1419 | 10179.92 | 95111 | 0.559 | 6.912
S16 999 7166.837 | 66.960 | 0.393 | 4.866
Min 999 7166.837 | 66.960 | 0.393 | 4.866
Max 2200 | 15782.82 | 147.460 | 0.867 | 10.716
Mean | 1502.31 | 10777.6 | 100.696 | 0.592 | 7.317
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Table (2)

Compression with recent measurements in Iraq

Uranium concentration

N Research Location (ppm)

Min Max Mean
1. | Present work North of Mosul province - | 0.393 0.867 0.592
2. | 2013 ref.[23] 3;a;gwla'a city-Diyala-Iraq 0.719 1.280 -
3. | 2014 ref.[24] Al-Najaf - Iraq 0.093558 | 0.184325 | _
4, | 2015 ref.[25] | Sulaimani - Iraq 1.253 18.225 6.029
6. | 2017 ref.[26] AL-Hamdaniya-Mosul-lrag | 0.313 0.784 0.488

Figure (2): The variation of the values of the uranium specific
activity concentration in the samples, it varies depending to
uranium content from one sample to another.

12

10

(Ba/Kg)

A

™
=
[

Sample no.

Figure (2)

Uranium specific activity (Bg/Kg) in samples
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CONCLUSIONS

Most of the uranium specific activity result values of this
investigation showed the low presence of uranium in soil
samples were lower than the world average values. The obtained
values of uranium specific activity less than the world average
value 35 Bg/Kg, and uranium concentration, found to be less
than the maximum permissible limit 11.7 ppm and worldwide
average value 2.8 ppm as recommended by UNSCEAR. Hence It
concluded that there are no harmful effects of radiation posed to
the population in the study area, safe as for as radiological risks
and health hazards due to concentration of uranium in the soil.
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